Summary To study the types of the monocular eye movements, intracortical microstimulations were applied to the fundus of the cat's coronal sulcus where the monocular movements of the contralateral eye were evoked. The monocular eye movements were saccadic and directed toward the nasal side converging on a horizontal line from various eye positions. The average threshold and latency were 18.0 µA (range 8-30,uA) and 19.5 ms (range 18-20 ms), respectively.
The presence of "oculomotor areas" in the frontal cortex has been suggested in cats, monkeys, and humans (LEMMEN et al., 1959; HASSLER, 1966; FUCHS, 1967; ROBINSON and FUCHS, 1969; SCHLAG and SCHLAG-REY, 1970; GUITTON and MANDL, 1978a, b) . Most of the evoked eye movements by cortical stimulation so far reported are, however, conjugate eye movements although there have been a few descriptions of monocular movements (JAMPEL, 1959; SCHLAG and SCHLAG-REY, 1970 ). In the preceding paper (TAMAI et al.,1983 (TAMAI et al., ,1984 , we reported that electrical stimulation of the fundus of the coronal sulcus (COR) in the cat evoked saccadic monocular movement of the contralateral eye. Moreover, lesioning of the fundus of the COR responsible for the monocular movement resulted in a dorsolateral monocular shift of the contralateral eye, which remained uncontrollable for at least 24 h (TAMAI et a!., 1984) . The present experiments were conducted to characterize the types of the monocular eye movements by intracortical microstimulations (ASANUMA et al., 1976) applied to the fundus of the COR in the cat where the monocular movements of the contralateral eye were evoked.
Eleven adult cats weighing 2.5 to 3.5 kg were used. Each animal was operated under inhalation anesthesia (40% oxygen and 60% nitrous oxide supplemented with 1.0-2.0% halothane). While fixed on a stereotaxic frame, the frontal skull was Y. TAMAI, M. NAKAI, and E. MIYASHITA opened and a round chamber was cemented in place with a dental impression wax. After the duramater was opened, the chamber was filled with warm liquid paraffin. Subsequently, several screws were fastened to the occipital bone with dental cement. The animal was removed from the stereotaxic apparatus and its head was hung by the screws to be free from all the pressure points. The spinal cord was transected at C1 and the animal was maintained on artificial respiration. The gaseous anesthesia was discontinued during the experiments after all the wound tissues were treated with 1 % lidocaine. The body temperature was kept at 37-38°C by placing a heating pad under the body. In some experiments, the facial nerve was cut bilaterally to eliminate the effect of the palpebral movements during measurement of the latencies of minute eye movements. For intracortical microstimulation, a tungsten-in-glass microelectrode (STONEY et al., 1968) was inserted through the cortex between the cruciate sulcus and the postcruciate dimple avoiding the blood vessels on the surface of the cortex. The exposed tip of the microelectrode was 15 to 20 µm in diameter and 30 to 50 µm in length. To determine the location of the electrode in the cortex, the neural discharges were recorded, and then 10 repetitive pulses (0.3-0.5 ms in duration and less than 30 RA in intensity) were delivered through the electrode at a frequency of 400 Hz. The onset of the eye movement was recorded by detecting the reflected light from the surface of the cat's eyes using the photoelement (Cds). The direction of the eye movement was determined visually and photographically by the displacement of a white thin paper pasted on the surface of the cornea. To mark the site of stimulation, an anodal current of 10 µA for 30 s was passed through the electrode at the end of experiment. Under deep anesthesia with pentobarbital sodium, the animal was perfused transcardially with 0.9% saline followed by a phosphate buffer mixture of 1.5% paraformaldehyde and 4% glutaraldehyde. Serial sections, 60,im thick, were stained with neutral red and the electrode position was verified histologically.
Figure 1 A shows a typical monocular movement of the contralateral eye following stimulation of the COR fundus. The double image of thin white paper on the surface of the left cornea, which was photographed by double flash lamps during the eye movement, showed medial or slightly oblique ventromedial movement, while the right eye did not move. The stimulation sites where the monocular eye movement was evoked are shown in the histological reconstruction of the coronal section of the frontal brain (solid bar in Fig. 1B) . The monocular eye movement was evoked mainly by the stimulation of the ventral part of the fundus of the COR. The most sensitive site (threshold current, 16 µA) to evoke the monocular eye movement was located in the ventral side of the fundus of the COR on track No. 24 (an open circle in the solid bar). The location of one electrode, where the monocular movement was evoked with the minimum current in track No. 18, is shown in a photograph of Fig. 1 C by a lesion (arrow) made by electrocoagulation at the end of the experiment. Although the monocular eye movement was evoked only on the contralateral side and not on the ipsilateral side, stronger stimulation occasionally resulted in a slow movement of the ipsilateral eye toward lateral direction following the saccadic monocular movement of the contralateral eye. The evoked monocular eye movement was directed medially when the eye position was in a middle horizontal line of the orbit (a horizontal line connected two pupils of the cat's eyes gazing at the front in her natural head posture deflected downward at an angle of 22° with reference to the horizontal line (DE BEER, 1947; BLANKS et al.,1972) ). However, the direction of the monocular eye movements was obliquely upward and downward toward the nasal side when the eye position before the stimulation was lower and higher, respectively (arrows in oval). In other words, the eye, on cortical stimulation, converged on a horizontal line, regardless of the original eye position. The topographic relationship between the cortical stimulation site and the direction of the evoked eye movements was unclear.
Stronger stimulation (intensity 1001iA) in the ventral bank close to the fundus of the COR in track number 16 produced retraction of the contralateral eye (enophthalmos) accompanied by the medial movement of eye. Movements of whiskers were evoked bilaterally by stimulation of the dorsal bank of the COR (thin dash line in Fig. l B) . The movement of the contralateral whiskers was stronger than that of the ipsilateral whiskers. Masticatory movements were evoked by stimulation of the cortex between the COR and presylvian sulcus (thick dash line in Fig. 1B) . Another striking feature of the facial movements was blinking (closed triangle in Fig. 1B) , which was observed unilaterally on the side contralateral to the stimulation (intensity current, 12-201iA). Although enophthalmos, mastication, and the whisker movements were separable from the medial saccadic movement of contralateral eye on the basis of differences in the site of stimulation, the threshold and the latency, the cortex responsible for the blinking was very close to or even overlapped the area controlling the monocular eye movements. The fundus of the COR is, therefore, a functionally specific cortex for controlling the monocular movement of the contralateral eye but may be involved in the cortices related to the movements of the facial muscles. Figure 2 shows two more examples of the monocular eye movement evoked by the intracortical microstimulation of the COR fundus (evoked movements other than monocular eye movements are not shown for the sake of simplicity). In the case shown in Fig. 2A , the monocular eye movement was evoked following stimulation of the fundus and the adjacent banks of the COR. The direction of the monocular eye movement was medial when the position of the pupil was in the middle horizontal line.. When the pupil was in an upper position, the eye moved oblique downward toward the nasal side and when the eye was in a lower position, the eye moved obliquely upward toward the nasal side converging on the horizontal line. The average threshold was 171iA (range 12-30 µA) and the most sensitive site in each insertion was mainly located in the fundus close to the ventral bank of the COR.
In the case shown in Fig. 2B , some of the evoked eye movements seemed to have the nature of centering, i.e. an abductive movement upward or downward was observed when the starting eye position was on the medial (nasal) side in the orbit as shown in the track numbers 2, 3, and 5. Stronger stimulation (50 µA) of the dorsal bank close to the fundus of the COR in track number 13 produced retraction of the eye accompanied by the medial movement of eye. The average threshold was 19 µA (range 8-30µA) and the minimum threshold point in each preparation was located in the fundus and nearby dorsal bank of the COR. The lowest threshold point (8 µA) was located in the knee of the fundus of the COR in track No. 5. The cortex where the monocular eye movement was evoked was closer to the cruciate sulcus in the preparation A than in the preparation B as shown in the magnified view of the cortex surface in which the location of the electrode insertions is shown (compare dots in enclosed inset A and B). The average latency of the evoked monocular movement was 19.5 ms (range 18-20 ms). The latency of the monocular eye movement was shorter than that of other frontal oculomotor areas in the buried cortex surrounding the presylvian sulcus and the medial wall of the hemisphere under the cruciate sulcus (cf. TAMAI et al., 1983) .
The monocular eye movement was usually difficult to evoke by intracortical microstimulation and often required a current intensity of greater than 20 µA. On the other hand the movements of the facial musculatures were readily and consistently elicited by stimulation of less than 20 µA. The relatively inconsistent occurrence of the monocular eye movement may be related to the fact that the arousal level of the cat may influence the evoked eye movements (SCHLAG and SCHLAG-REY, 1970) , or it may reflect that the number of the cortical neurons responsible for the monocular eye movements might be few, although at present there is no information regarding the matter.
The present study suggests the existence of a controlling system of the monocular eye movement in the fundus of the COR which appears to move the eye from various eye positions to the nasal side. The system may be related to the vergence system in the animals with binocular vision for gazing at objects in front of the face and also may be involved in the cortex controlling the movement of the facial muscles. 
